 Treasury and municipal bonds are positively correlated with equity volatility because they often serve as safe-haven choices when equity risk is at heightened levels. Therefore, adding S&P 500 VIX Futures Index Series exposure to a portfolio of treasury and municipal bonds does not provide diversification benefits.
 Investment-grade corporate bonds have a weakly positive correlation with equity volatility futures, while high-yield corporate bonds have a weakly negative correlation. During extreme downturns, equity volatility futures can offer corporate bond portfolios some tail risk hedging benefits, but there are occasions when these benefits may not be realized. Risk-return benefits can also be obtained by adding a dynamic allocation of the S&P 500 VIX Futures Index Series to a corporate bond portfolio.
 The most beneficial application of the S&P 500 VIX Futures Index Series is in emerging market bond portfolios. Adding the S&P 500 VIX Futures Index Series generally provides a clear tail risk hedging benefit. Over the period of study, equity volatility futures provided downside protection on all but four of the worst 25 days for emerging market bonds. An ongoing dynamic allocation to the S&P 500 VIX Futures Index Series has also produced better risk-adjusted returns, with statistically significant outperformance.
Because the VIX is derived from equity index options, previous studies have focused primarily on equity or equity-centric portfolios. However, the VIX also has a place in fixed income-based portfolios. Because the fixed income market covers a diverse array of investment vehicles, from low-risk government bonds to higherrisk, high-yield and emerging market bonds, each segment of the bond market has a distinct relationship to the VIX. In this study, the following benchmarks were used to measure various bond market segments:
 S&P/BGCantor US Treasury Bond Index, representing U.S. government bonds (referred to as "Gov Bond");  S&P AMT-Free National Municipal Bond Index, representing U.S. municipal bonds (referred to as "Muni Bond");  Markit iBoxx  $ Liquid Investment Grade Index, representing U.S. investment-grade corporate bonds (referred to as "IG Bond");  Markit iBoxx  $ Liquid High Yield Index, representing U.S. high-yield corporate bonds (referred to as "HY Bond");  JP Morgan Emerging Market Bond EMBI CORE Index, representing emerging market bonds (referred to as "EM Bond").
Since spot VIX is not replicable, we have used the S&P 500 VIX Short-Term Futures Index as a tradable proxy. The index tracks a position in near-and second-term VIX futures with a weighted average maturity of 30 days. In their 2010 paper, Liu and Dash (2010) showed that the index does not track spot VIX perfectly, but that it maintains many of the distributional properties of spot VIX which make it an attractive tool for trading and hedging strategies.
In the next section, we show the correlation pattern of equity volatility with each bond market segment. In section 3, we explore using VIX as a tactical tail risk hedging tool for bonds. In section 4, we compare the diversification benefits of adding a small static or dynamic allocation of VIX futures to a bond portfolio.
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Correlation Analysis
To recap the previous studies, the VIX's relationship to the equity market is characterized by the following general properties:
1. VIX and VIX futures are negatively correlated with equity market returns; 2. The correlation of VIX products with the equity market is asymmetric; as the equity market returns become more negative, the inverse correlation becomes greater;
Sub-sections 2.1 to 2.5 include the following analyses: 1. The relationship between returns of bonds and equity volatility, presented through scatter plots of daily bond returns versus S&P 500 VIX Short-Term Futures Index daily returns; 2. Rolling one-month short-term correlations of daily bond returns versus daily returns of the S&P 500 VIX Short-Term Futures Index.
Exhibit 1 below shows the probability of the S&P 500 VIX Short-Term Futures Index rising or declining on days where bond returns are up or down by varying levels of sigma (standard deviation). This 
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Investment-Grade Corporate Bonds
Investment-grade corporate bonds, as measured by the Markit iBoxx $ Liquid Investment Grade Index, also demonstrate a very low correlation to equity volatility, as shown in Exhibit 6. 
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High-Yield Corporate Bonds
High-yield corporate bonds exhibit some equity-like properties and, as a result, show an overall negative correlation with equity volatility, as shown in Exhibit 8. As shown in Exhibit 1, this negative relationship is slightly more prominent when the high-yield corporate bond market sells off, with the S&P 500 VIX ShortTerm Futures Index rising on 55.9% of occasions when there is a negative move of at least one standard deviation in high-yield corporate bonds. 
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Emerging Market Bonds
Emerging market bonds have more equity-like risk characteristics, and therefore demonstrate a negative correlation to equity volatility, as shown in Exhibit 10. Exhibit 1 shows that the S&P 500 VIX Short-Term Futures Index rises more than 80% of the time when there is a negative move of at least one standard deviation in the emerging market bond market. 
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S&P 500 VIX Short-Term Futures Index as a Tactical Tail Risk Hedge
Tail risks, whereby bond portfolios suffer large losses, are of special interest to portfolio managers. Based on the correlation and co-movement analyses, it appears that the S&P 500 VIX Short-Term Futures Index may hold tail risk hedging opportunities for three categories of bonds: investment-grade, high-yield and emerging market. The relationship between the S&P 500 VIX Short-Term Futures Index and the emerging market bond market may be especially beneficial to investors.
Based on an average of the 25 worst days for high-yield bonds, the bond market lost 1.81% while the S&P 500 VIX Short-Term Futures Index showed a gain of 2.26% (see Exhibit 13). Similarly, on average, emerging market bonds lost 1.97% on their 25 worst days, while the S&P 500 VIX Short-Term Futures Index showed a gain of 6.64% (see Exhibit 14). This effect also holds for investment-grade bonds, but to a lesser extent. On average, investment-grade bonds lost 1.38% on their 25 worst days, while the S&P 500 VIX Short-Term Futures Index showed an average gain of 0.66% (see Exhibit 12).
As shown in Exhibit 14, the S&P 500 VIX Short-Term Futures Index would have served as a good tail risk hedge for emerging market bonds over the period studied. Over the period of study, equity volatility provided downside protection for emerging market bonds on all but four of the worst 25 days. However, Exhibits 12 and 13 show that hedging characteristics are not as strong for investment-grade and high-yield bonds. 
Do Bond Portfolios Benefit from Allocating to VIX Futures?
The diversification benefits of adding VIX products to an equity portfolio can be summarized as follows:  A small (0-10%), static allocation of S&P 500 VIX Futures Index products in an equity portfolio may reduce portfolio volatility, but will suffer from constant roll loss.  Dynamic allocations to VIX products may provide further downside protection and increase portfolio efficiency in terms of risk-return profile.
To determine whether these benefits carry over to bond portfolios, we examine two scenarios:
1. Allocating a static 5% weight to VIX futures in a bond portfolio.
2. Dynamically allocating weight to VIX futures in a bond portfolio. In this scenario, the allocation of equity volatility is set dynamically according to the observed spot VIX level. If, at month-end, spot VIX is equal to or above 25%, the allocation to VIX futures for the next month is 5%. If spot VIX at monthend is less than 25%, the allocation to VIX futures is 0. 
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Strategic Allocation of Equity Volatility to a Portfolio of Investment-Grade Corporate Bonds
Although the correlation of investment-grade corporate bonds to the S&P 500 VIX Short-Term Futures Index is flat, Exhibit 17 shows that adding a small allocation to the investment-grade corporate bond portfolio may reduce portfolio risk. Through dynamic allocation, investors can also improve portfolio efficiency, with less portfolio risk and higher returns than a long-only bond portfolio. T-tests also show that at a 99% confidence level, the dynamic 5% VIX portfolio differs from the long-only bond portfolio. Tables are provided for illustrative purposes. Past performance is not a guarantee of future results. Some of the data reflected in this chart may reflect hypothetical historical performance. Please see the Performance Disclosure at the end of this document for more information on some of the inherent limitations associated with back-tested index data and performance information.
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Strategic Allocation of Equity Volatility to a Portfolio of HighYield Corporate Bonds
Since high-yield corporate bonds behave more like equity than typical bonds, it may be beneficial to add a small allocation of equity volatility to reduce the portfolio risk. A static 5% allocation produces a lower level of risk, but also reduces portfolio returns. The dynamic allocation marginally increases portfolio risk, but the pick-up in return is substantial. The differences in performance are statistically significant according to t-tests at 90% confidence intervals. 
Emerging Market Bonds
Emerging market bonds behave even more like equity than high-yield bonds. Therefore, it may be beneficial to add a small allocation of equity volatility to the emerging market bond portfolio. As in the high-yield case, a static 5% allocation produces the lowest level of risks but it also reduces portfolio returns. Dynamic allocations marginally increase portfolio risk, but the pick-up in return is substantial. The differences in performance are statistically significant according to t-tests at 99% confidence intervals. Past performance is not an indication of future results. Prospective application of the methodology used to construct this index may not result in performance commensurate with the back-test returns shown. The back-test period does not necessarily correspond to the entire available history of the index. Please refer to the methodology paper for the index, available at www.standardandpoors.com for more details about the index, including the manner in which it is rebalanced, the timing of such rebalancing, criteria for additions and deletions, as well as all index calculations. It is not possible to invest directly in an Index.
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Also, another limitation of hypothetical information is that generally the index is prepared with the benefit of hindsight. Back-tested data reflect the application of the index methodology and selection of index constituents in hindsight. No hypothetical record can completely account for the impact of financial risk in actual trading. For example, there are numerous factors related to the equities (or fixed income, or commodities) markets in general which cannot be, and have not been accounted for in the preparation of the index information set forth, all of which can affect actual performance.
The index returns shown do not represent the results of actual trading of investor assets. Standard & Poor's maintains the indices and calculates the index levels and performance shown or discussed, but does not manage actual assets. Index returns do not reflect payment of any sales charges or fees an investor would pay to purchase the securities they represent. The imposition of theses fees and charges would cause actual and back-tested performance to be lower than the performance shown. In a simple example, if an index returned 10% on a US $100,000 investment for a 12-month period (or US$ 10,000) and an actual asset-based fee of 1.5% were imposed at the end of the period on the investment plus accrued interest (or US$ 1,650), the net return would be 8.35% (or US$ 8,350) for the year. Over 3 years, an annual 1.5% fee taken at year end with an assumed 10% return per year would result in a cumulative gross return of 33.10%, a total fee of US$ 5,375, and a cumulative net return of 27.2% (or US$ 27,200). It is not possible to invest directly in an index. Exposure to an asset class represented by an index is available through investable instruments based on that index. S&P and its affiliates do not sponsor, endorse, sell, promote or manage any investment fund or other vehicle that is offered by third parties and that seeks to provide an investment return based on the returns of any S&P index. There is no assurance that investment products based on the index will accurately track index performance or provide positive investment returns. S&P is not an investment advisor, and S&P and its affiliates make no representation regarding the advisability of investing in any such investment fund or other vehicle. A decision to invest in any such investment fund or other vehicle should not be made in reliance on any of the statements set forth in this document. Prospective investors are advised to make an investment in any such fund or other vehicle only after carefully considering the risks associated with investing in such funds, as detailed in an offering memorandum or similar document that is prepared by or on behalf of the issuer of the investment fund or other vehicle. Inclusion of a security within an index is not a recommendation by S&P to buy, sell, or hold such security, nor is it considered to be investment advice.
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S&P does not guarantee the accuracy and/or completeness of any S&P index, any data included therein, or any data from which it is based, and Standard & Poor's shall have no liability for any errors, omissions, or interruptions therein. S&P makes no warranties, express or implied, as to results to be obtained from use of information provided by S&P, and S&P expressly disclaims all warranties of suitability with respect thereto. While S&P has obtained information believed to be reliable, S&P shall not be liable for any claims or losses of any nature in connection with information contained in this document, including but not limited to, lost profits or punitive or consequential damages, even if it is advised of the possibility of same.
